Abstract. The divalent ions in alkaline earth chalcogenides are viewed as compressible objects and are treated within a purely ionic model. As in earlier studies on the alkali and ammonium halides, the ions are taken to be ia the form of space-filling polyhedral cells and the compression energy, which is the source of repulsion, is written as a surface integral over the cell faces. A simple method of computing the repulsion energy in any crystal lattice of arbitrary symmetry is proposed and the repulsion parameters B and a are refined for the divalent ions under study. The theory explains the predominant occurrence of the NaCI structure in the alkaline earth chalcogenides. Hard sphere radii are estimated for the tetravalent cations Ti 4+, Sn '+ and Pb 4+ using the repulsion parameters of 02-ion and the data on the corresponding rutile structure oxides. These radii are seen to be consistent with the measured interionic distances in several compounds occurring in the perovskite structure. The free transfer of repulsion parameters among several structures, which is a key feature of the present approach to repulsion, is confirmed to be valid by the present study.
Introduction
In a series of papers, Narayan and Ramaseshan (1976 , 1978 , 1979a developed a compressible ion model of repulsion in ionic crystals. The theory treats compressibility as an ionic property and associates the repulsion energy between two ions with the compression energies of the individual ions. An early version (Narayan and Ramaseshan 1976 Ramaseshan , 1978 , where the compression energy per bond was represented by a simple exponential function of the ionic radius, was later modified (Narayan and Ramaseshan 1979a, b) to empirically include many-body interactions. In this latter approach the ions are viewed as polyhedral, space-fiUing cells with the repulsion arising from the increased compression at the cell faces. This theory explained for the first time the structures of all the alkali halides and has, more recently, worked well in the ammonium halides (Raghurama and Narayan 1983b) .
In view of its successes, it appeared worthwhile to extend the theory to other ions and crystals. In the present paper we study the alkaline earth chalcogenides, which are generally considered to be amenable to an ionic theory. At room temperature and pressure these compounds crystallize in the NaCl-type structure, except MgTe which occurs in the wurtzite structure. With a view to later extending the theory to more complicated structures, it was felt that a simpler formulation of the compressible polyhedral cell theory would be welcome. Section 2 presents such a formulation which is then used in § 3 to derive the repulsion parameters, B and =, for the G Raghurama and Ramesh Narayan divalent ions. A study of the structural stability of alkaline earth chaleogenides is carried out in § 4, where the theory is found to correctly predict the predominant occurrence of the NaCI structure. In § 5, the theory is extended to the noncubie ruffle structure and hard sphere radii for tetravalent ions are derived. The radius of Ti l+ ion is found to be consistent with the experimental electron density map. Also, the radii of Ti 4+ and Sn 4+ fit the lattice spacings of several perovskite type crystals.
Simplified area theory
In the compressible ion model (Narayan and Ramaseshan 1979 a, b) a radius is associated with an ion in the direction of each of its nearest and next nearest neighbours. The ion is then pictured to be in the form of a polyhedron whose faces are perpendicular to the interionic bonds at distances from the ion centre equal to the corresponding radii. For each bond the sum of the radii of the ions is taken to be equal to the bond length and so the whole crystal is made up of space-filling polyhedra. The compression energy at the face i of an ion of polyhedral shape is assumed to be of the form
where r'(s) is the distance from the centre of the cell to an area element ds on the face and the integral is over the face area. B and ~ are the repulsion parameters for the ion under consideration. The cell face can be approximated to a circle of equal area (Narayan and Ramaseshan 1979b) and we can then write the compression energy of the ith face as
where ri is the distance to the ith face from the ion centre (referred to as the' radius' of the ion) and li is the distance to the circumference of the corresponding circular cell face. The ll's depend on the interionic distance r as well as the crystal structure. Detailed formulae are given by Narayan and Ramaseshan (1979b) for the NaC1, CsCI and ZnS structures. However, the labour involved in deriving exact formulae for the different li can become quite excessive when one deals with other lower symmetry structures and this would defeat the very purpose of the present approach which seeks to develop a simple semi-empirical theory of repulsion. We present here an alternative simplified approach, where l~ is computed in terms of only the co-ordination number and ionic radii. If there are n faces symmetrically disposed at equal distances from the ion centre, the solid angle subtended by each face at the centre is $ = 4rr/n. If the n faces are at different distances r~ from the centre, we may define a weighted average distance ray as =-r I. ray n i
